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Abstract
Hypotension during intermittent hemodialysis is
common, and has been attributed to acute volume
shifts, shifts in osmolarity, electrolyte imbalance,
temperature changes, altered vasoregulation, and
sheer hypovolemia. Although hypovolemia may
intuitively seem a likely cause for hypotension in
intensive care patients, its role in the pathogenesis of
intradialytic hypotension may be overestimated.
Background
In the current issue, Bitker et al. [1] report the preva-
lence and risk factors of hypotension during intermittent
hemodialysis in ICU patients. Hypotension during inter-
mittent hemodialysis occurs in around 50–60 % of
critically ill patients [1, 2] and in 25–50 % of chronic
renal failure patients [3]. Its pathophysiology is multifac-
torial and incompletely understood. In intensive care
patients, intradialytic hypotension may cause problems
in volume management and metabolic control.
Therapeutic interventions to correct hypotension, if
necessary, should be oriented to the pathophysiology
rather than to symptoms alone. In chronic hemodialysis
patients, risk factors of hypotension include shifts in
extracellular volume, osmolarity, and electrolytes, dialysis-
induced temperature changes, and altered vasoregulation
[3]. Their relevance in ICU patients undergoing hemo-
dialysis is less clear. Even small volume shifts may cause
hypotension in ICU patients with limited cardiovascular
reserves. Hence, acute volume shifts or sheer hypovolemia
and decreased cardiac output may intuitively seem to be
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likely causes of intradialytic hypotension in the ICU. This
assumption is contradicted by Bitker et al. Although
hypotension was common (in 57 % of 107 sessions), only
every fifth hypotensive episode was associated with
preload dependence, defined as increased stroke volume
following passive leg raising (PLR) [1]. The hypotensive
episodes were frequent despite proactive control of
dialysate temperature and sodium concentration and
limited blood flow, known risk factors of intradialysis
hypotension [1, 2]. Since hypotension occurred early and
after minor ultrafiltration, altered vasomotor tone was
considered the likely explanation. This is consistent with
observations during chronic hemodialysis [4]. Accord-
ingly, reduced ultrafiltration would not be the most ra-
tional intervention, although frequent in clinical practice.
Preload dependence or a change in cardiac output in
response to preload alteration is normal, whereas pre-
load independence is pathologic, indicating that the
heart is operating at the flat part of its function curve.
Hence, preload dependence does not indicate a need for
more volume [5]. Preload is the muscle tension before
contraction, best assessed as end-diastolic pressure [6].
The apparent preload independence could be due to
three mechanisms: lack of true increase in preload by
PLR, ongoing vasodilation, or cardiac function limita-
tion. Let us consider these mechanisms:
(1)PLR is assumed to shift a volume of up to 300 ml
in the absence of overt hypovolemia [7]. Volume
overload in acute kidney injury is very frequent [8].
Lack of volume shift in response to PLR therefore
seems rather unlikely.
(2)PLR during ongoing vasodilatation may fail to
increase preload. As in the study of Bitker et al.,
hypotension during chronic hemodialysis occurs
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early and independently of ultrafiltrate volume, and
is related to decreased vasomotor tone [3, 4].
(3)Finally, true cardiac function limitation with fluid
overload [8] could have been present: the heart
works on the flat part of its function curve, and the
circulation is not limited by venous return. In
addition to fluid overload, acute kidney injury may
induce myocardial dysfunction via various cytokines
[9]. Myocardial stunning during hemodialysis with
transient wall motion abnormalities was recently
recognized in chronic kidney disease [10].
The median change in cardiac output observed by Bitker
and coworkers from prehemodialysis values to hypotension
was almost zero [1], but the individual responses were very
heterogeneous (increases/decreases >12.5 % in 20/48
instances). Hence, the pathophysiology of hypotension
appears more complex. Notably, preload dependence
before hemodialysis was only present in five instances.
Volume overload [8] and decreased cardiac function
[9, 10] must have contributed to this. Preload assessment
before and during hemodialysis and individual responses
would have allowed clarification of the hemodynamic
mechanisms involved.
Conclusion
We congratulate Bitker et al. on this study because it
challenges common clinical practice. We fully support
their conclusion that intradialytic hypotension “should
not necessarily lead to reduction of fluid removal by
hemodialysis but should prompt hemodynamic evalu-
ation of cardiovascular status to reliably classify patients
regarding their preload dependence status” [1]. Hypervo-
lemia and impaired cardiac function were almost cer-
tainly highly prevalent [8–10]. Because hemodialysis can
severely impair tissue perfusion without overt clinical
signs [11] and fluid dynamics during ultrafiltration might
be considerably different between ICU patients and
chronic hemodialysis [12, 13], individual hemodynamic
assessment could be more comprehensive than PLR
alone. The assessment should include the clinical con-
text, the hemodynamic status pre dialysis, and an
independent judgment if a preload maneuver shows the
expected effects.
Abbreviation
PLR: passive leg raising.
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